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© A position detection method featuring improved 
detection precision for a laser sensor that uses CCD 
as a light -receiving element in the laser sensor, and 
a device therefor. The sum of products of cell out- 
puts (Gi) and cell positions (Xi) of light - receiving 
elements (14) is found (42), and the cell outputs are 
added up (46). A counter (45) is reset when the cell 
output becomes greater than a preset threshold 
value, and sample - holding signals (SH) are counted 
when it becomes smaller than the preset threshold 
value. The sum of products is divided by an added 



value through a division circuit (47). and the 
barycentric position the sum of products is found as 
a light- receiving position and is stored in the latch 
buffer. When two or more light -receiving positions 
are found, the controller finds a position by the 
primary light of reflection and finds the position of 
the object. The position is not detected by the CCD 
cell unit, but the light - receiving position among the 
CCDs is detected, contributing to improving preci - 
sion of position detection. 
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TECHNICAL FIELD 

The present invention relates to a laser sensor 
equipped in a robot performing arc welding, sealing 
and the like, more particularly to a position de- 
tecting method and its apparatus for detecting an 
object position in an operation of welding, sealing 
and the like by use of this sensor. 

BACKGROUND ART 

Conventionally, an arc welding robot, a sealing 
robot and the like are equipped with a laser sensor 
for detecting a welding position or a sealing posi - 
tion etc. 

This laser sensor is constituted as shown in 
Fig. 1. In Fig. 1, a detecting unit 10 includes a laser 
oscillator 11, a swing mirror (i.e. galvanometer) 12 
that causes a laser beam emitted from the laser 
oscillator 11 to scan, and an optical system 13 that 
converges a reflection beam reflected back on an 
objective so as to form an image on a light re- 
ceiving element 14. A control unit 20 includes a 
laser actuating unit 21 for actuating the laser os- 
cillator 11 to generate a laser beam, a mirror 
scanning unit 22 that causes the swing mirror 12 to 
pivot about its axis, and a signal detecting unit 23 
for detecting a position of a received beam ac- 
cording to the position detected by the light re- 
ceiving element 1 4. 

The laser oscillator 1 1 is actuated by the laser 
actuating unit 21 to emit a laser beam. The mirror 
scanning unit 22 cooperates with the laser actuat - 
ing unit 21 to cause the swing mirror 12 to perform 
a scanning so that the laser beam emitted from the 
laser oscillator 11 is directed toward a predeter- 
mined point on the object 30. The laser beam 
reflected back on the object 30 is converged by 
means of the optical system 13 to form an image 
on the light receiving element 14 in accordance 
with the reflected position on the object 30. This 
light receiving element is normally constituted of a 
PSD (Position Sensitive Detector) of non- split & 
integration type element, or a CCD (Charged 
Coupled Device) of split type element. 

In the case where a PSD is used as a light 
receiving element, a beam received on a light 
receiving surface as shown in Fig. 2, i.e., an image 
of a reflected beam, is converted into a pho- 
toelectric current, and then outputted from elec- 
trodes on both sides of the element. A light re- 
ceiving position Xa is determined based on the 
values of two electric currents outputted from the 
electrodes on both sides of the light receiving 
element. 

To be more specific, given that a distance from 
the center of the light receiving element to re- 
spective electrode is L; a distance from the center 



Of the light receiving element to the light receiving 
position is Xa;and further the two electric current 
values are h and I2, the distance Xa can be ob- .. 
tained by the following equation 1 . 

5 

Xa = L-(l2 - h)/ 02 + h) (1) 

On the basis of thus obtained position Xg on 
the light receiving element, a position of the object 

10 30 with respect to the sensor is calculated as will 
be described later. 

In the case where a CCD is used as the light 
receiving element, a beam received on a light 
receiving surface, i.e.. an image of a reflected 

75 beam, is converted into a photoelectron and then 
stored into its cell. Electric charges stored in re- 
spective cells are outputted one after another from 
an outermost end at predetermined intervals. In the 
case of a CCD, the larger the quantity of the light 

20 received by a cell, the larger the amount of the 
electric charge stored by the cell. Accordingly, a 
position that has received the largest quantity of 
light reflected can be identified by detecting the 
position of the cell that gives the largest output. 

25 Thus, on the basis of such a position, the position 
of the object 30 with respect to the sensor can be 
calculated. 

Fig. 3 Is a view illustrating a method for deter- 
mining a coordinate position (X, Y) of the object 30 

30 with respect to the sensor on the basis of the 
position Xa detected by the light receiving element 
14. In this method, assuming that a sensor origin 
(0. 0) is located on a straight line passing the 
center of the optical system 13 and the center of 

35 the light receiving element 14; this straight line is 
hereinafter referred to as Y-axis, whereas a 
straight line perpendicular to the Y - axis is referred 
to as X-axis: further, a distance between the origin 
of the sensor and the center of the optical system 

40 13 is defined as Li ; a distance between the center 
of the optical system and the center of the light 
receiving element 14 is defined as L2; an X-axis 
distance between the origin of the sensor and the 
pivot center of swing mirror 14 is defined as D; a 

45 Y-axis distance between the sensor origin and the 
pivot center of swing mirror is defined as Lo; a 
reflection angle of laser beam that is reflected at 
the swing mirror 12 toward the object 30 is defined 
as e with respect to the Y - axis; and then a dis - 

50 tance of light receiving position on the light re- 
ceiving element 14 is defined as Xa. the coordinate 
position (X, Y) at which the laser beam is received 
and reflected can be determined by calculating the 
following equations. 

55 

X = Xa • l{L^ - Lc) • tan 0 + D] / (Xa + L2 • tan 

e) (2) 
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Y = [Li • Xa + L2 • (Lo • tan 0 - D)] / (Xa + L2 • 
tan 8) (3) 

in the case where a PSD is used as a light 

receiving element, as the PSD is a non- split & 
integration type element, such a light receiving 
element has very high detecting resolution. How- 
ever, a PSD is disadvantageous in that the entire 
quantity of the light received on the light receiving 
surface is converted into photoelectric current, and 
thus the light receiving surface of the PSD tends to 
pick up not only a reflection beam required to be 
detected but also a noise light occurring such as 
an arc light occurring in case of arc welding or a 
secondary reflection beam. 

Accordingly, such a noise light is also con - 
verted, together with the required reflection beam, 
into a photoelectric current, and outputted from the 
electrodes provided at both ends of the light re- 
ceiving element. As a result, thus obtained pho- 
toelectric current adversely affects the detection of 
beam position in such a manner that the detected 
beam position, i.e.. an incident position of the re - 
flected beam, is offset from an actual position. 
Then, such a deviation of the detected beam po - 
sition results in an overall deviation of the object 
position obtained through the calculation by above 
second and third equations, thereby deteriorating a 
detecting accuracy of the sensor. 

For example, as shown in Fig. 4, a beam Bo 
having been reflected on the swing mirror 12 is 
then reflected back at the object 30 as a primary 
reflection beam Bi to form an image on the light 
receiving element 14. On the other hand, part of 
the beam reflected at the object 30 is further re- 
flected at another portion of the object as a sec- 
ondary reflection beam 82 to form another image 
on the light receiving element 14. 

Accordingly, the light receiving element 14 re- 
ceives both the primary and secondary reflection 
beams. Thus, photoelectric currents outputted from 
both ends of the light receiving element 14 are 
affected by these primary and secondary reflection 
beams in such a manner that the output position Xa 
is obtained as a position based on the composition 
of the primary reflection beam and the secondary 
reflection beam. Hence, the position of the object 
30 calculated based on thus wrongly obtained 
output position Xa is offset from an actual position, 
as indicated by 30* in Fig. 4. 

Whereas, in the case where a CCD is used as 
the light receiving element 14, as each of cells 
constituting the CCD can perform a photoelectrical 
conversion independently, it is possible to detect 
the noise light or the secondary reflection beam 
separately from the primary reflection beam. 
Therefore, the CCD is more advantageous com - 
pared with the above - described PSD in that it is 



free from the adverse effect of secondary reflection 
beam and the like. 

However, this CCD has another disadvantage. 
That is. each cell of the CCD has to occupy a 

5 relatively large area required for receiving signifi - 
cant light quantity on it. Therefore, a distance be - 
tween adjacent two cells is inherently large. This 
may result in a deterioration in a sensor resolution. 
In order to improve sensor resolution, it may be 

10 possible to provide a narrow cell which is capable 
of receiving a satisfactory light quantity. But it is 
not desirable in that, if aimed to fabricate it, a 
production cost of element become expensive. 
Otherwise, in order to improve sensor resolution, it 

75 will be possible to increase the number of cells 
constituting the CCD. However, such an element 
will unnecessarily increase an overall size of ele - 
ment and, therefore, will not be practically used. 
Furthermore, as the laser beam has coherency, 

20 an output waveform of the CCD is likely to become 
uneven. Therefore. CCD has a problem such that 
the position of the cell to produce the largest 
output tends to change, and so it becomes im ~ 
possible to correctly detect the beam receiving 

25 position. 

DISCLOSURE OF INVENTION 

An object of the present invention is to provide 
30 a position detecting method and its apparatus that 
uses a CCD as a light receiving element and is 
capable of improving its detecting resolution by 
executing the same integration processing as a 
PSD. 

35 In order to accomplish above object, a first 

mode of the present invention adopts a CCD as a 
light receiving element in a laser sensor for de- 
tecting an object position. According to this mode, 
a sum of products is obtained by successively 

40 multiplying an output value of each cell arrayed in 
said CCD by a position value of the cell so as to 
sum up thus multiplied values, and the sum total of 
said output values of respective ceils is obtained. 
Then, a J.ight receiving position is obtained by di- 

45 viding said sum of products by said sum total. 

Furthermore, in a preferable mode, there is 
provided a counting means capable of being reset 
when said output value of the CCD exceeds a 
predetermined threshold value, counting a number 

50 of cells to be scanned after said output value of the 
CCD decreases down below the threshold value 
until said number of cells reaches a predetermined 
value, and then generating an output value of CCD 
which has reached the predetermined value. 

55 Said sum of products is divided by said sum 

total in response to this output value from the 
counting means to obtain a light receiving position; 
said sum of products and said sum total are reset 
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together; at least one light receiving position that 
exceeds said threshold value is detected during a 
predetermined interval; and a light receiving posi- 
tion caused of primary reflection beam of a laser 
beam is obtained on the basis of thus detected at 
least one light receiving position so as to detect the 
object position. 

Furthermore, in a preferable mode, a scanning 
angle of said laser beam is changed in order to 
successively detect at least one light receiving 
position at the same scanning angle. A first light 
receiving position that corresponds to a scanning 
angle immediately before a plurality of light re - 
ceiving positions has become detectable at the 
same scanning angle is stored, and a second light 
receiving position that corresponds to a scanning 
angle immediately after a plurality of light receiving 
positions has become undetectable at the same 
scanning angle is stored too. Then, a first straight 
line, which is to pass two object positions respec - 
tively corresponding to the first light receiving po- 
sition and another light receiving position to be 
scanned before said first light receiving position is 
scanned, and a second straight line, which is to 
pass two object positions respectively corre- 
sponding to the second light receiving position and 
another light receiving position to be scanned after 
said second light receiving position is scanned, are 
obtained to represent the position of the object. 

In a more preferable mode, an intersection of 
said two straight lines is obtained as a bent point of 
the object. 

Still further, in a preferable mode, at least one 
light receiving position detected by changing a 
scanning angle of said laser beam is successively 
stored. The most closest scanning angle at which a 
plurality of light receiving positions detected at the 
same scanning angle approach one another most 
closely is obtained. A light receiving position of 
smaller value is selected from among said plurality 
of light receiving positions as the light receiving 
position of the primary reflection beam when the 
scanning angle is less than said most closest 
scanning angle, while one with a larger value is 
selected from among said plurality of light receiv- 
ing positions as the light receiving position of the 
primary reflection beam when the scanning angle 
is larger than said most closest scanning angle. 

Yet further, in a preferable mode, the object 
position is obtained from said light receiving posi - 
tion of the primary reflection beam. A first straight 
line is obtained on the basis of said object position 
obtained from said light receiving position of the 
primary reflection light beam in a scanning angle 
region 'from the minimum scanning angle to said 
most closest scanning angle. A second straight line 
is obtained on the basis of said object position 
obtained from said light receiving position of the 



primary reflection beam in a scanning angle region 
from said most closest scanning angle to the 
maximum scanning angle. And. a position of a bent 
point of the object is identified as an intersection 

5 point of these first and second straight lines. 

Moreover, according to a second mode of the 
present invention, there is provided a position de- 
tecting apparatus for a laser sensor comprising: 

a light receiving cell consisting of a CCD that 

70 contains a plurality of cells, each to generate an 
output in accordance with an electric charge stored 
in proportion to a light quantity received on a cell 
surface; 

a timing signal generating means for generat - 
75 ing a sample hold signal to successively scan 
respective cells from the beginning after a gate 
signal is outputted; 

a cell counter capable of being reset by said 
gate signal and counting said sample hold signals 
20 to output a value Xi of cell position in the light 
receiving element; 

an adder means capable of being reset by said 
gate signal for successively adding said output Cj 
of each cell in the light receiving element to be 
25 scanned in response to said sample hold signal to 
obtain the sum total Z d: 

a sum of products calculating means capable 
of being reset by said gate signal for multiplying 
said output Ci of each cell in the light receiving 
30 element to be scanned in response to said sample 
hold signal by said value Xj of each cell position 
outputted from said cell counter and successively 
summing up these multiplied values so as to obtain 
a summation value ECi-Xj; and 
35 a division means for dividing said summation 

value LCi^Xi, obtained through the sum of products 
calculating means, by said sum total ECi. obtained 
by the adder means, to calculate a center of grav - 
ity position rCj-x/rCi of received beams and out- 
40 putting this center of gravity position as the light 
receiving position. 

Furthermore, in a preferable mode, there are 
further provided a comparator that compares the 
output Cj of each cell with a predetermined 
45 threshold value Vg and generates an output when 
the output Cj of each cell is equal to or greater than 
the predetermined threshold value V^; 

a counter capable of being reset in response to 
the output signal fed from said comparator, count - 
50 ing the cell number to be scanned after said output 
signal disappears and generating an output* signal 
when the cell number exceeds a predetermined 
value to reset said adder means, sum of products 
calculating means and division means; 
55 a plurality of latch buffers capable of being 

connected in series, respectively transferring 
stored data to their succeeding buffers in response 
to the output signal fed from said counter, storing 
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the output fed from said division means in a first 
step buffer thereof, and being reset by said gate 
signal: and 

a means for obtaining the light receiving posi - 
tion of the primary reflection beam from the data 
stored in said plurality of latch buffers. 

Still further, in a preferable mode, there are 
provided a means for changing a scanning angle of 
a laser beam in synchronization with said gate 
signal; a means for obtaining a first light receiving 
position at which only one stored data is supplied 
from said plurality of latch buffers in the beginning 
of the scanning operation of the laser beam, a 
second light receiving position corresponding to a 
scanning angle immediately before a plurality of 
stored data are available, a third light receiving 
position corresponding to a scanning angle imme- 
diately after a plurality of stored data are no longer 
available, and a fourth light receiving position at 
which only one stored data is supplied from said 
plurality of latch buffers in the end of the scanning 
operation which constitutes said means for obtain - 
ing the light receiving position of the primary re ~ 
flection beam, and storage means for storing re- 
spective light receiving positions. 

Yet further, in this mode, there are further 
provided a means for obtaining a first straight line 
to pass the two object positions respectively cor- 
responding to said first and second light receiving 
positions and a second straight line to pass the two 
object positions respectively corresponding to said 
third and fourth light receiving positions, whereby 
said first and second straight lines are used to 
identify the object position. 

Moreover, in a preferable mode, there is further 
provided a means for changing a scanning angle of 
a laser beam in synchronization with said gate 
signal, in this mode, and said means for obtaining 
the light receiving position of the primary reflection 
beam further includes a storage means for storing 
• a plurality of light receiving positions supplied from 
said plurality of latch buffers and a detecting 
means for detecting the most closest scanning 
angle at which said plurality of light receiving po - 
sitions approach most closely one another to de- 
tect the light receiving position of the smallest 
value from said storage means as a first light 
receiving position of primary reflection beam in a 
region from the minimum scanning angle to said 
most closest scanning angle, and also to detect the 
one with the largest value from said storage means 
as a second light receiving position of primary 
reflection beam In a region from said most closest 
scanning angle to the maximum scanning angle. 

Furthermore, in a preferable mode, there are 
further provided a means for obtaining the object 
position from said first and second light receiving 
positions of primary reflection beam; a means for 



obtaining one straight line representing a first ob - 
ject position on primary reflection beam and the 
other straight line representing a second object 
position on the basis of said second light receiving 
5 position of primary reflection beam; and a means 
for obtaining an intersection of said two straight 
lines representing said first and second object po - 
sitions as a point of a bent portion of the object. 
As described above, according to the present 
10 invention, an output of each cell in the CCD and a 
position of each cell are multiplied to obtain the 
sum of products. The obtained sum of products is 
divided by the sum total of outputs of respective 
cells to obtain a center of gravity position of the 
75 sum of products. This center of gravity position on 
the light receiving element is obtained as the light 
receiving position, which will not be adversely af- 
fected by a significant size of respective cells that 
deteriorates the detecting resolution. In other 
20 words, the light receiving position obtained by the 
method according to the present invention is no 
longer affected by the inferior detecting resolution 
of the CCD. thereby enabling position detection at 
a higher accuracy. That is, it becomes possible to 
25 realize an accurate detection of the object position 
by determining the object position on the basis of 
this light receiving position. 

Furthermore, every time an output of cell ex- 
ceeds the predetermined threshold value until then 
30 decreases down below the threshold value until a 
scanning point reaches a point apart by a pre- 
determined distance, a center of gravity is obtained 
based on the above -described sum of products 
and summation value. Thus, a plurality of light 
35 receiving positions of the primary reflection beam 
or secondary reflection beam and the like can 
independently be detected. 

Moreover, In the case where a plurality of light 
receiving positions are detected at the same 
40 scanning angle during a scanning . operation in 
which the scanning angle of the laser beam is 
changed to detect the light receiving positions, all 
the stored data that correspond to a plurality of 
light receiving positions detected at the same 
45 scanning angle, i.e., all the stored data, in which 
the light receiving position of the secondary re - 
flection beam is contained together with the light 
receiving position of the primary reflection beam, 
are disregarded. Thus, the object position is rather 
50 obtained as an intersection of two loci of shifting 
laser beam that are calculated on the basis of 
stored data of only the light receiving position of 
the primary reflection beam. 

Still further, in the case where two or more light 
55 receiving positions are. detected at the same 
scanning angle, the scanning angle of the laser 
beam is divided into two regions by the most 
closest scanning angle where two or more light 
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receiving positions approach one another most 
closely at the same scanning angle. In each of the 
divided scanning angle regions, only the light re- 
ceiving position of the primary reflection beam is 
chosen based on the largest or smallest value of 
the light receiving position among a plurality of 
light receiving positions in order to identify the 
position of the object. 

BRIEF DESCRIPTION OF DRAWINGS 

Rg. 1 is a schematic block diagram of a laser 

sensor; 

Rg. 2 is an illustrative view showing calculation 
of light receiving position when a PSD is 
adopted as a light receiving element; 
Rg. 3 is an illustrative view for obtaining the 
position of an object with respect to a light 
receiving position on the light receiving element; 
Rg. 4 is an illustrative view showing an inter- 
relation between a secondary reflection beam 
and the object; 

Fig. 5 is a block diagram showing a signal 
detecting portion in accordance with an em - 
bodiment of the present invention; 
Fig. 6 is a graph showing one example of an 
output from the light receiving element in the 
-embodiment of the present invention; 
Rg. 7 is a flow chart showing a position detect - 
ing processing in accordance with a first em - 
bodiment of the present invention that is ex- 
ecuted on a processor of a control unit accord - 
ing to the same embodiment; 
Rg. 8 is an illustrative view showing an example 
of the light receiving position in accordance with 
the first embodiment; 

Rg. 9 is a flow chart showing a position detect- 
ing processing in accordance with a second 
embodiment of the present invention that is ex - 
ecuted on the processor of the control unit ac - 
cording to the first embodiment; 
Fig. 10 is a flow chart showing the remainder of - 
the position detecting processing in accordance 
with the second embodiment of the present in - 
vention that is executed on the processor of the 
control unit according to the first embodiment; 
Fig. 11 is an illustrative view showing one ex- 
ample of the light receiving position in accor- 
dance with the second embodiment; 
Fig. 12 is an illustrative view schematically 
showing arrayed light receiving position data 
stored in respective registers in accordance with 
the second emtx)diment; and, 
Rg. 13 is an illustrative view schematically 
showing arrayed light receiving data of primary 
reflection beam stored in respective registers in 
accordance with the second embodiment. 



BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Overall Constitution of Laser Sensor 

5 

A laser sensor in accordance with the present 
invention has almost the same constitution as the 
conventional laser sensor shown in Rg. 1, This 
laser sensor is characterized by that a CCD is 
10 adopted as a light receiving element 14. and is 
different from the conventional one in that a signal 
detecting unit 23 has a different constitution. 

Fig. 5 is a block diagram of the signal detect - 
ing unit 23 in accordance with one embodiment of 
IS the present invention. In Fig. 5, a timing IC 40 
outputs a sample hold signal SH and a gate signal 
TG in such a manner that sample hold signals SH 
are outputted as many as the number of the cells 
of light receiving element 14 during one period 
20 defined by the gate signal TG. 

In this embodiment, the light receiving element 
14 consists of 1024 cells respectively receiving 
reflection beam and two groups of 28 optical black 
cells that are not sensitive to the reflection beam 
25 and are respectively located on both sides of the 
above block of 1024 cells. That is. the light re- 
ceiving element 14 has 1080 cells as a whole, and 
1080 pieces of sample hold signal SH are output- 
ted within the duration of one gate signal TG. 
30 The light receiving element 14 constituted of 

the CCD designates respective cells successively 
in response to the above sample hold signals SH. 
and outputs a voltage corresponding to an electric 
charge stored in each cell in accordance with the 
35 intensity of light received by "each cell. This out- 
putted voltage is converted into a digital signal by 
an A/D converter 43 in synchronization with the 
sample hold signal SH, and its output Ci is sup- 
plied to later described comparator 44. an adder 
40 circuit 46. and a sum of products calculating circuit 
42. Here, a suffix i of C| varies from 1 to the total 
number of cells. That is, in the above example, it 
varies from 1 to 1080. 

A cell counter 41 is reset in response to the 
45 gate signal TG, and counts the number of the 
sample hold signals SH, A sum of products cal- 
culating circuit 42 is used to multiply the output Xj 
of the cell counter 41 by the output Cj of the A/D 
converter 43 in response to the sample hold signal 
50 SH. and successively add the resulting products. 
That is, an operation defined by the following 
equation is carried out. 

EC| • Xj (4) 

Furthermore, the sum of products calculation 
circuit 42 is reset by an output of a later described 
counter 45 and the gate signal TG. 
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The comparator 44 compares the output Ci of 
the A/D converter 43 and a predetermined thresh - 
old value Vs in response to the sample hold signal 
SH» and generates an output to reset the counter 
45 when the output Cj exceeds the threshold value 
Vg. The counter 45 counts the sample hold signals 
SH, and is reset in response to each output signal 
from the comparator 44. Then, the counter 45 
generates an output if its counting value exceeds a 
predetermined value N, to reset the sum of pro- 
ducts calculating circuit 42 and later described 
adder circuit 46 and division circuit 47, and stops 
its counting operation, whereas, if the comparator 
44 generates an output again, the counter 45 Is 
reset to resume the counting operation. 

The adder circuit 46 successively adds the 
output Ci fed from the A/D converter 43 in re- 
sponse to the sample hold signal SH, supplies its 
output ECi to the division circuit 47. and is reset by 
the output of the counter 45 and the gate signal 
TG. The division circuit 47 divides the output 
nCi-Xi of the sum of products calculation circuit 42 
by the output ECj of the adder circuit 46 to obtain 
the light receiving position of the light receiving 
element 14. That is. the light receiving position Xa 
is obtained by determining a center of gravity of 
the received beam through the following equation. 

Xa = ( ECi • Xi ) / ECi (5) 

Latch buffers 48 and 49 are connected in se- 
ries as many as necessary. Though usually two 
latch buffers connected in series are used to store 
the information of the primary reflection beam and 
the secondary reflection beam, the number of latch 
buffers may be increased depending on the fre- 
quency at which the noise light occurs. In response 
to the output of the counter 45. the latch buffer 48, 
which stores the position information Xa previously 
sent from the division circuit 47 transfers this cur - 
rently stored information Xg to the next latch buffer 

49 in order to store a newly outputted light receiv - 
ing position Xg supplied from the division circuit 47. 

Moreover. the latch buffers 48 and 
49. supply their stored light receiving posi- 
tions Xa to a control unit 50 in response to the gate 
signal TG and, in turn, are reset. The control unit 

50 is constituted of a processor, memories and the 
like, and used to obtain the position of the object 
through later - described processing. Incidentally, 
this control unit needs not be provided exclusively 
and, therefore, any control unit of welding robot or 
sealing robot that is equipped with the laser sensor 
can be used as the control unit of the position 
detecting apparatus according to the present in- 
vention. 



Processing of Position Detecting Signal 

An operation of the signal detecting unit 23 
shown in Fig. 5 will be explained hereinafter. 

5 It is now supposed, for example, that each cell 

Xj (i = 1 to 1080) of the light receiving element 14 
has stored an electric charge Ci as shown in Fig. 6. 
In Fig. 6, an abscissa represents the cell position 
(i.e. cell number) xj, and an ordinate the electric 

10 charge value Ci memorized in each cell. 

First of all, the timing IC generates the gate 
signal TG to reset all the elements. Subsequently, 
every time the sample hold signal SH is outputted. 
the cell counter 41 counts the sample hold signal 

75 SH and outputs its counted value. In other words, 
the cell counter 41 successively outputs the cell 
position Xj starting from xi . 

On the other hand, the light receiving element 
14 responds to each of the sample hold signal SH 

20 to successively output a voltage representative of 
the electric charge stored in the corresponding cell 
starting from the first cell. The voltage outputted 
from the light receiving element 14 is converted 
into the digital signal Q by the A/D converter 43. 

25 The sum of products calculation circuit 42 executes 
the operation defined by the fourth equation and 
supplies its result ECi-x, to the division circuit 47. 
Furthermore, the adder circuit 46 adds the output 
Ci fed from the A/D converter 43 and supplies its 

30 result £Cj to the division circuit 47, Then, the 
division circuit 47 executes the operation defined 
by the equation (5). 

On the other hand, the comparator 44 com- 
pares the output Ci of the A/D converter 43 with the 

35 predetermined threshold value Vg. Above -de- 
scribed processing is carried out in respective 
elements every time the sample hold signal SH is 
generated. 

In the example of Fig. 6, when the output Xj of 

40 the cell counter 41 becomes Xki, and the output Cj 
of corresponding cell exceeds the threshold value 
Vs. the comparator 44 generates an output to reset 
the counter 45. Furthermore, when the output Xi of 
the cell counter 41 becomes Xk2. and the output Cj 

45 of corresponding cell decreases down below the 
threshold value Vg, the comparator 44 stops its 
output, and the counter 45 initiates to count the 
number of sample hold" signals SH.' 

Then, it is now supposed that the counting 

50 value of the counter 45 exceeds the predetermined 
value N when the output Xj of the cell counter 41 
becomes Xk3. At this moment, the counter 45 gen - 
erates an output to stop the counting operation, 
and also the latch buffer 48 transfers its stored 

55 value to the latch buffer 49 to store the output from 
the division circuit 47 in the latch buffer 48. 

Subsequently, the adder circuit 46, the sum of 
products calculating circuit 42. and the division 
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circuit 47 are all reset. That is, the division circuit 
47 executes the operation defined by the fifth 
equation on the basis of both outputs from the sum 
of products calculating circuit 42 and the adder 
circuit 46. As a result, at the point the counter 45 
generates the output, of gravity position in a region 
from the cell position xi to the ceil position Xks, i.e., 
the light receiving position Xai. Then, this value Xai 
is stored in the latch buffer 48. 

Still further, when the output Xj of the cell 
counter 41 becomes Xk4. and the output value of 
the A/D converter 43 exceeds the threshold value 
Vs. the comparator 44 generates an output to reset 
the counter 45 again. Furthermore, when the output 
X| of the cell counter 41 becomes xks. and the 
output of A/D converter 43 decreases below the 
threshold value Vg, the comparator 44 stops its 
output, and the counter 45 resumes to count the 
number of sample hold signals SH. 

However, in the example of Fig. 6, the output 
of the A/D converter 43 exceeds the threshold 
value before the counted value of the counter 45 
reaches the predetermined value N. and so the 
counter 45 is reset again. When the output Xi of the 
cell counter 41 becomes Xks. the output value of 
the A/D converter 43 decreases down below the 
threshold value Vs, and the counter 45 starts the 
counting operation. Then, when the output Xi of the 
cell counter 41 becomes Xk7, and the counted value 
of the counter 45 exceeds the predetermined value 
N, the counter 45 generates an output to stop the 
counting operation and, at the same time, the light 
receiving position Xai stored in the latch buffer 48 
is transferred into the latch buffer 49, and the 
output from the division circuit 47 is stored In the 
latch buffer 48. 

Subsequently, the adder circuit 46, the sum of 
products calculating circuit 42, and the division 
circuit 47 are all reset. In this case, the sum of 
products calculation circuit 42 generates a sum of 
products value ECj«X| from the position x^a that 
was previously reset, and the adder circuit 46 
generates, from the position Xka.an output LC; cor- 
responding to the sum of output Ci of the A/D 
converter 43. 

Therefore, when the counter 45 generates an 
output, the division circuit 47 outputs the gravity 
position in a region from the cell position X3 to the 
cell position Xk?. that is, the light receiving position 
Xa2- Thus, this value Xaa is stored in the latch buffer 
48. 

Then, if the gate signal TG is outputted, the 
stored values in the latch buffers 48 and 49 are 
tx}th supplied to the control unit 50, and the latch 
buffers 48 and 49 are reset. Also, the sum of 
products calculating circuit 42. the adder circuit 46 
and the cell counter 41 are all reset by the gate 
signal TG. Accordingly, the scanning operation is 



resumed from the first cell of the light receiving 
element 14 to repeat the above - descrit)ed op- 
eration. 

5 First Embodiment of Position Detecting Signal 
Processing Method 



Next, an operation of the first embodiment of 
the present invention relating to the processing, 
10 which is executed by the control unit 50 to detect 
the object position, will be explained with reference 
to a flow chart of the processing to be executed the 
processor of the same control unit 50 shown in Fig. 
7. In this embodiment, the light receiving position is 
75 successively detected by changing the scanning 
angle of the laser beam; both the primary reflection 
beam position corresponding to the scanning angle 
immediately before the secondary reflection beam 
comes to be detected and the primary reflection 
20 beam position corresponding to the scanning angle 
immediately after the secondary reflection beam 
comes to be not detected are stored: then, the 
position of the object is detected on the basis of 
the relationship between these primary reflection 
25 beam positions and two light receiving positions, 
which correspond to the minimum and maximum 
scanning angles. 

First of ail; the control unit of the robot ac - 
commbdating this laser sensor generates a scan- 
30 ning instruction. In the case where the processor of 
this robot control unit also serves as the control 
unit of the laser sensor, this processor generates a 
. scanning instruction in accordance with the opera- 
tion of the robot. In response to the given instruc - 
35 tion, the laser actuating unit 21 starts to operate to 
cause the laser oscillator 11 to emits a laser beam. 

Then, the processor outputs a scanning start 
instruction to the mirror scanning unit 22, as shown 
in a step SI of the flow chart. The mirror scanning 
40 unit 22 changes the angle of the swing mirror 12 
stepwise at a predetermined pitch in response to 
the gate signal TG until the angle of the swing 
mirror 12 is adjusted to a predetermined angle. By 
the way, the scanning angle of the laser beam is 
45 determined by the swingable angle of the mirror 
12, which is set in such a manner that the swing - 
able limit of the swing mirror 12 in a counterclock- 
wise direction of Fig. 4 corresponds to the mini- 
mum scanning angle, and the scanning angle of 
50 the laser beam increases as the swing mirror 12 
turns in a clockwise direction. 

On the other hand, in response to the gate 
signal, the processor reads In the light receiving 
position Xai and Xaz supplied from the latch buffers 
55 48 and 49. 

Usually, when the scanning start instruction Is 
generated, the mirror angle is positioned in such a 
manner that the laser beam can be reflected in one 
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plane of the object 30 without causing the genera- 
tion of the secondary reflection beam. Therefore, 
the position Xg ted from the latch buffers 48 and 49 
is a data corresponding to the primary reflection 
beam. For example, in the case of the object 30 
shown in Fig. 4. no secondary reflection beam is 
obtained in the beginning of the scanning opera- 
tion, and, therefore, only the position data derived 
from the primary reflection beam is supplied. The 
processor stores this data into the register R(Pa) as 
a data obtained at the scanning initiation point as 
shown in step S2, and a condition storage flag F is 
set to 0. as shown in step S3.. 

Fig. 8 is a view illustrating a relationship of the 
laser beam scanning angle (i.e. the swing mirror 
angle) with respect to the object 30 shown in Fig. 4 
versus the light receiving position Xa on the light 
receiving element 1 4. 

In this case, the laser beam is first reflected at 
a point far from a bent portion to be welded or 
sealed. Therefore, only primary reflection beam is 
generated. That is. only one light receiving position 
Xa on the light receiving element 14 is obtained, 
and thus only the data stored in the latch buffer 48 
is supplied to the control unit 50. 

However, if the laser beam scanning angle 
increases so that the position irradiated by the 
laser beam approaches the bent portion on the 
object 30, the secondary reflection beam comes 
into existence, whereby light receiving positions 
increases to two due to primary reflection beam 
and the secondary reflection beam, respectively. 
Thus, two data will be coming from two latch 
buffers 48 and 49. 

Then, in the case where the primary reflection 
beam and the secondary reflection beam approach 
very closely or are overlapped each other, the 
secondary reflection beam looks disappeared mo - 
mentarily. Accordingly, at this moment, it becomes 
that only one data is supplied from the latch buffer 
48. As the scanning angle increases further, how- 
ever, the primary reflection beam and the secon - 
dary reflection beam come to be separated from 
each other again, and. therefore, two light receiving 
positions will be detected again. 

Furthermore, as the scanning angle is in ~ 
creased further, the position on the object where 
the laser beam is received and reflected is shifted 
far away from the bent portion, and thus the sec - 
ondary reflection beam will no longer appears, so 
that only one light receiving position will be ob- 
tained. 

Accordingly, the processor stores one light 
receiving data, which is supplied at the point at 
which the scanning operation is initiated, into the 
register R(Pa), In the example of Fig. 8. this light 
receiving position is shown as Pa. and this position 
/ Pa is stored in the register R(Pa). 



Subsequently, every time the gate signal TG is 
outputted. the mirror scanning unit 22 causes the 
swing mirror 12 to swing by one pitch. On the other 
hand, the processor is synchronized with the gate 
5 signal TG to selectively and repeatedly execute the 
processing described in steps 84 to Si 9 every 
time when the scanning angle of the laser beam is 
changed. 

First of all, in a stage immediately after the 

10 start of the scanning operation, only one reflection 
component is obtained, and the condition storage 
flag F is equal to its initial value 0. Moreover, since 
the scanning angle of the laser beam has not yet 
reached the maximum scanning angle, the pro- 

75 cesser in the control unit 50 executes the pro- 
cessing defined in the step S4. That is, in response 
to the change of scanning angle of the laser beam, 
the data stored in the latch buffer 48 is read out, 
and the processing defined by the steps 85 to 88 

20 is executed repeatedly so that the light receiving 
position data of the primary reflection beam at the 
latest scanning angle is stored in the register R(Pb) 
to renew its stored data corresponding to the latest 
scanning angle, as shown in step 87. 

25 Then, when the laser beam position on the 

object 30 shifts toward the bent portion until the 
secondary reflection beam appears, two data will 
be supplied from the latch buffers 48 and 49. In 
this case, the processor in the control unit 50 

30 judges the beam to be the secondary reflection 
beam in the step S5. After executing the judge- 
ment processing in step 89. the processor sets the 
condition storage flag F to 1 , as shown in a step 
SIO, and executes judgement processing in the 

35 steps Si 4 (a processing for judging whether or not 
the flag F is set to "2") and 88. Then, the pro- 
cessing returns to the step 84. 

At this point, the data stored in the register 
(Pb) is the value of the latch buffer 48 cor- 

40 responding to the scanning angle immediately be- 
fore the secondary reflection beam is detected, that 
is. the light receiving position data of the register 
(Pb) shown in Fig. 8 (the first light receiving posi- 
tion). 

• 45 The condition storage flag F is set to 1 when 

the secondary reflection beam is detected. There - 
fore, in the succeeding scanning angles, the pro - 
cessing defined by the steps S5, S9, Si 4 and S8 
are repeatedly executed, every time the scanning 
50 angle of the laser beam varies in executing the 
processing in step 84 wherein the scanning angle 
of the laser beam is changed stepwise. 

Besides, as the laser beam position on the 
object 30 approaches the bent portion, the s.econ - 
55 dary reflection beam position on the object 30 also 
gradually approaches the bent portion from the 
opposite direction, as shown in Fig. 8. 
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When the primary reflection beam and the 
secondary reflection beam approach each other 
very closely, it is not always easy to distinguish the 
first reflection beam from the secondary reflection 
beam, and vice versa, depending on the set value 
Vs or setting of N. Therefore, the judgement may 
be made as if the secondary reflection beam is not 
existing. Also, when a pitch of the scanning angle 
is extremely small, such confusing cases may oc - 
cur not a few number of times. (Refer to an inter - 
section of the primary reflection component and 
the secondary reflection component in Fig. 8) 

In such a case, as only one data is supplied 
from the latch buffer 48, the processor that re - 
peatedly executes the processing defined in the 
steps S4, S5, S9. S14 and S8 wilt judge in the step 
S5 that the secondary reflection beam is not de- 
tected and goes to the step S6. In this case, as the 
condition storage flag F is already set to 1, the 
processor proceeds to the step SI 2 to set the 
condition storage flag F to 2 after having executed 
the judgement in the step Sll. And then, the 
processor executes the judgement processing in 
the step S8 and returns to the step S4 again. 

When the discrimination between the primary 
reflection beam and the secondary reflection beam 
cannot be made, and when the secondary reflec- 
tion beam has disappeared momentarily, the result 
of judgement in step 5 will become FALSE, but the 
processings defined in steps 84. S5, SB, Sll. Si 3 
and S8 will be repeatedly executed, since the value 
of condition storage flag is 2. 

Then, when the scanning angle of the laser 
beam is further increased to enable the primary 
reflection beam and the secondary reflection beam 
to be discriminated from each other, two data will 
become available again from the latch buffers 48 
and 49. In this condition, the processor in the 
control unit 50 will judge in the step S5 that the 
secondary reflection beam is existing, and, in turn, 
proceeds to step Si 5 to set the condition storage 
flag F to 3 after having executed the processing in 
the steps S9 and SI 4. And then, the processor 
again returns to the step S4 after having executed 
the judgement processing in the step S8. 

As the value of the condition storage flag F is 3 
as long as the secondary reflection beam is de- 
tected, the processor repeatedly executes the 
processing of the steps S4, S5. S9, 814 and S8 in 
the succeeding scanning angles. 

Next, if the primary reflection beam and the 
secondary reflection beam are further apart so far 
away that the secondary reflection beam comes to 
be no longer detected, the judgement in the step 
S5 turns to NO. In this case, the processor ex- 
ecutes the judgement processing in the steps S6, 
S11. S13 and Si 6, and proceeds to step SI 7. In 
the step S17, the processor stores a light receiving 
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position data corresponding to the latest scanning 
angle, i.e. a value stored in the latch buffer 48 that 
corresponds to the scanning angle immediately 
after the secondary reflection beam has not been 

5 detected. That is, the light receiving data indicated 
by Pc in Fig. 8 is stored in the register R(Pc). 
Furthermore, the processor sets the condition 
storage flag F to 4 in step Si 8. executes the 
judgement processing in the step S8, and subse- 

10 quently returns to the step S4. 

As the value of the condition storage flag F is 4 
at this moment, the secondary reflection beam is 
no longer detected in the succeeding scanning 
angles. The processor repeatedly executes the 

75 judgement processing of steps S4. S5, 86, S11, 
SI 3 and Si 6, a processing in a step SI 9 and 
further the judgement processing of step S8. That 
is, the latest value in the latch buffer 48 is stored in 
the register R(Pd) one after another corresponding 

20 to the scanning angle in the processing of step Si 9 
so as to renew the value previously stored in the 
register. 

Accordingly, when the scanning angle reaches 
the maximum angle, and the judgement in the step 
25 S8 is turned to YES, the register R(Pd) stores the 
light receiving position of the primary reflection 
beam corresponding to the maximum scanning 
angle; i.e. the data of Pd in Fig. 8. 

The registers R(Pa) - R(d) respectively store 
30 the light receiving positions of primary reflection 
beams. When the laser beam moves on the plane 
of the object in accordance with the swing motion 
of the swing mirror 12. the light receiving position 
at which the reflected beam is received varies 
35 linearly on the light receiving element. That is. the 
register R(Pa) stores the first light receiving posi - 
tion Pa of primary reflection beam that is reflected 
back at a point far from the bent portion of the 
object. The register R(Pb) stores the light receiving 
40 position Pb of primary reflection beam that is lo- 
cated close to the bent portion and corresponds to 
the scanning angle immediately before the secon - 
dary reflection beam -become detectable. There - 
fore, a straight line passing both the light receiving 
45 positions Pa and Pb coincides with the straight line 
of the light receiving position generated when the 
laser beam moves on one plane of the object. 

In the same manner, a straight line passing the 
light receiving positions Pc and Pd stored In the 
50 registers R(Pc) and R(Pd) coincides with the 
straight line of the light receiving position gen- 
erated when the laser beam moves on the other 
plane of the object. Then, a position where these 
two straight lines intersect represents the light re- 
55 ceiving position corresponding to the bent portion 
of the object. 

Accordingly, the processor executes the sec- 
ond and third equations with respect to the posi - 
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tions Pa. Pb, Pc and Pd stored in respective reg - 
isters R(Pa), R(Pb), R(Pc) and R(Pd) to obtain 
coordinate positions (Xa. Ya). (X5, Yb). (Xc, Yc). and 
(X<j. Yd) corresponding to respective positions. 
Then, equations of these two straight lines are 
obtained on the basis of the combination of (Xg, 
Ya). (Xb. Yb) and (X^. Yc). (Xd. Y^). respectively. 
Furthermore, an intersection of thus obtained two 
straight lines is obtained. This intersecting point 
coincides with the bent portion, and, therefore, is 
determined as a welding or sealing point, as shown 
in step S20. 

Above - described operation is for the detect- 
ing of only one welding or sealing point. However, 
in the case where the welding or sealing position is 
to be detected continuously, the swing direction of 
the swing mirror 12 is reversed after completing 
the processing of step S20. and the processing 
starting from the step S1 is repeatedly executed. In 
this case, the register R(Pa) stores the light re- 
ceiving position Pd in Fig. 8, and the register R(Pb) 
stores the light receiving position Pc. Further, the 
register R(Pc) stores the light receiving position Pb. 
and the register R(Pd) stores the light receiving 
position Pa, respectively. 

Second Embodiment of Position Detecting Signal 
. Processing Method 

Next, a second embodiment of the present 
invention will be explained with reference to the 
flow chart shown in Figs. 9 and 10. In this second 
embodiment, the most closest scanning angle is 
obtained. This most closest scanning angle is de- 
fined as a scanning angle at which two light re- 
ceiving positions of the primary reflection beam 
and the secondary reflection beam at the same 
scanning angle approach most closely each other. 
The most closest scanning angle is used to sepa - 
rate the light receiving position data into the data 
relating tP the primary reflection beam and the data 
relating to the secondary reflection beam. Thus, 
only the light receiving positions relating to the 
primary reflection beam are picked up. 

In this embodiment, the minimum scanning 
angle corresponds to an original position of the 
swing mirror 12, while the maximum scanning an- 
gle corresponds to a maximum swingable angle of 
the swing mirror 12 measured from the original 
position. 

Furthermore, respective components in the la- 
ser sensor and the object 30 are the same as those 
disclosed in the first embodiment. In other words, 
this second embodiment is different from the first 
embodiment only in that the processor in the con - 
trol unit 50 functions differently. 

The relationship of the laser beam scanning 
angle (i.e. the swing mirror angle) with respect to 



the object 30 versus the light receiving position Xg 
is newly shown in Fig. 1 1. 

In the processing shown in Fig. 9. the proces - 
sor first initialize an address index j. as shown in a 

5 step T1, and sets the condition memorizing flag f 
to 0, as shown In a step S2. 

Subsequently, the processor proceeds to step 
T3 to read in light receiving data from the latch 
buffers 48 and 49. However, as there is no secon - 

10 dary reflection beam immediately after the scan - 
ning operation is just started, only the data Xai is 
inputted from the latch buffer 48. Accordingly, a 
judgement result in step T4 becomes NO. Thus, 
the processor proceeds to step T5 to store the light 

75 receiving position Xgi read out from the latch buffer 
48 into two registers RL(j) and RS(j) respectively, 
with the address j provided in the RAM and the like 
of the control unit. 

These two registers RL(j) and RS{j) store light 

20 receiving positions corresponding to the scanning 
angle of the swing mirror 12. That is, each of these 
registers RLQ) and RS(j) stores the light receiving 
position corresponding to the scanning angle equal 
to a pitch angle A0 multiplied by j. 

25 After storing the light receiving position data, 

the processor proceeds to step T6 to increment the 
address index j. and further proceeds to step T7 to 
judge whether or not the scanning angle of the 
swing mirror 12 has reached the maximum scan- 

30 ning angle. As the scanning angle has not reached 
the maximum scanning angle yet in returns to the 
step T3. 

In the succeeding scanning operation, as long 
as the judgement result becomes NO in the step 

35 T4. the processor repeatedly executes the pro- 
cessing in the steps T5 to T7 every time a light 
receiving position data is newly inputted in re- 
sponse to the change of swing angle of the swing 
mirror 12 in the step T3. Thus, a light receiving 

40 position data Xgi of primary reflection beam with 
respect to the new scanning angle jA0 is stored in 
the register RL(j) and RSG). 

Accordingly, in the example of Fig. 11, each of 
the light receiving position data Xai of primary 

45 reflection beam respectively corresponding to each 
of the scanning angle 0 to aAd v/ill be stored in a 
register having the corresponding address (0 - a for 
each), i.e. in each one of the registers RL(0) to 
RL(a) and in each of the registers RS(0) to RS(a). 

50 The light receiving position data stored in the 

registers RL(0) to RL(a) and the registers RS(0) to 
RS(a) become elements for tracing a shifting locus 
LD1 of the primary reflection beam on the light 
receiving element 14 as shown in Fig. 11. 

55 If the scanning angle exceeds aAe, and the 

secondary reflection beam is generated, two light 
receiving position data x^y and Xa2 come to be 
inputted from both the latch buffers 48 and 49. and 
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the judgement result turns to YES in the step T4. 
Then, the processor proceeds to the step T8 to 
judge whether or not the condition storage flag f is 
0. 

That is, this condition storage flag f is used to 
check whether or not the secondary reflection 
beam is detected for the first tinne. As the condition 
storage flag f is 0 at this moment, this means that 
the secondary reflection beam is detected for the 
first time. Therefore, the processor proceeds to 
step T9 to store a present value of the address 
index j in a register As that stores the address of 
the position where the secondary reflection beam 
occurred, and further goes to step T10 to set the 
condition storage flag f to 1. By the way, in the 
example of Fig. 11. the register As stores a+1 
since the secondary reflection beam is generated 
for the first time after the scanning angle exceeds 
aA0. 

Subsequently, the processor proceeds to step 
T1 1 to compare the light receiving position data Xgi 
fed from the latch buffer 48 with the light receiving 
position data Xa2 fed from the latch buffer 49. And, 
whichever larger of these light receiving position 
data Xai and Xa2 is stored in the register RL(i) and 
the smaller one of these light receiving position 
data Xai and Xa2 is stored in the register RSG) in 
step T12 or step T13. 

Further, the processor goes to the step T6 to 
increment the address index j. and, in turn, goes to 
the step T7 to judge whether or not the scanning 
angle of the swing mirror 12 has reached the 
maximum scanning angle. As the scanning angle 
has not reached the maximum scanning angle yet 
at this moment, the processor returns to the step 
T3. 

In the succeeding scanning operation, as long 
as two light receiving position data Xai and Xa2 of 
primary reflection beam and secondary reflection 
beam are supplied from the latch buffers 48 and 
49, the judgement result becomes YES in the step 
T4. However, as the condition storage flag f is 
already set to 1 , the judgement result becomes NO 
in the step T8 this time. 

Accordingly, each time a new light receiving 
position data is inputted following the change of 
swing angle of the swing mirror 12. the processor 
proceeds to step T14, after finishing the judgement 
processing in the step T8. to renew the present 
value of address index j stored in register Ae, 
which is for storing the position where the secon - 
dary reflection beam has disappeared. Then, the 
processor proceeds to the step Ti 1 to compare the 
light receiving position data Xai fed from the latch 
buffer 48 with the light receiving position data Xa2 
fedfrom the latch buffer 49 to store whichever 
larger of these light receiving position data Xai and 
Xa2 is stored in the register RL(j). and the smaller 



one of the light receiving position data Xgi and Xaz 
is stored in the register RSO) in the step T12 or the 
step T 13. 

Further, the processor goes to the step T6 to 
5 increment the address index j. goes further to the 

step T7 to execute the judgement processing, and 

returns to the step T3 again. 

As long as the judgement result is YES in the 

step T4, the processor repeatedly executes the 
10 above -described processing every time the 

scanning angle of the swing mirror 12 is changed 

stepwise to input a new light receiving position 

data. 

However, if the primary reflection beam and 
75 the secondary reflection beam approach very 
closely each other at the scanning angle bAfl as 
shown in Fig. 11, discrimination of two reflection 
beams may become impossible. In such a case, 
only the light receiving data Xai is supplied from 
20 the latch buffer 48. Therefore, the judgement result 
in the step T4 turns to NO in this instance. And 
then, the light receiving data x^i fed from the latch 
buffer 48 is stored in both of the registers RLO) and 
RSG) in the step T5. 
25 Subsequently, when the primary reflection 

beam and the secondary reflection beam further 
shift to depart from each other until they become 
distinguishable, the judgement result in the step T4 
becomes YES. Therefore, the processor re -starts 
30 to renew the present value of the address index j 
and store it in the register Ag that serves to store 
the position where the secondary reflection beam 
disappears. Then, the light receiving position data 
having a larger value is stored successively in the 
35 register RLO), and the light receiving position data 
having a smaller value is stored in the same way in 
the register RSQ). 

By the way. in the example shown in Fig. 11, 
the address index j of c ~ 1 is finally stored in the 
40 register Ag that stores the position where the sec - 
ondary reflection beam disappears, because the 
secondary reflection beam is no longer detected 
after the scanning angle reaches cA0. 

As the secondary reflection beam is no longer 
45 detected after the scanning angle of the swing 
mirror 12 reaches cA0, the processor repeatedly 
executes the processing in the step T5 in response 
to every detection of primary reflection beam so 
that the light receiving position Xai of primary re- 
50 flection beam can be successively stored in both of 
the registers RL(j) and RS(j) until the scanning 
angle of the swing mirror 12 reaches the maximum 
scanning angle. 

When the scanning angle of the swing mirror 
55 12 becomes the maximum scanning angle dA0 to 
change the judgement result of the step T7 to YES. 
the processor proceeds to a new step Tl 5. 



13 



Y, <EP 0S39S98A1 J > 



23 



EP 0 539 598 A1 



24 



Fig. 12 is an illustrative view schematically 
showing the light receiving data stored in the reg - 
Isters RL(0) to RL(d) and the registers RS(0) to 
RS(d) through the above -described processing. 

As can be understood from Figs. 11 and 12, 
the light receiving position data stored in the reg - 
isters RS(a + 1) to RS{b-1) become elements for 
tracing a shifting locus LD2 of primary reflection 
beam on the light receiving element 14. Whereas, 
the light receiving position data stored in the reg - 
isters RL(a+1) to RL(b-l) become elements for 
tracing a shifting locus LU1 of secondary reflection 
beam on the light receiving element 1 4. 

Furthermore, the light receiving position data 
stored in the registers RS(b + 1) to RS(c-1) be- 
come elements for tracing a shifting locus LD3 of 
secondary reflection beam on the light receiving 
element 14. Whereas, the light receiving position 
data stored in the registers RL(b + 1) to RL(c-l) 
become elements for tracing a shifting locus LU2 
of primary reflection beam on the light receiving 
element 14. 

Moreover, the light receiving position data 
stored in the registers RL(b) and RS(b) are ele- 
ments common to the primary reflection beam 
shifting loci LD2 and LU2. the secondary reflection 
beam shifting loci LU1 and LD3. 

As a resolution for discriminating the primary 
reflection beam and the secondary reflection beam 
is dependent on the threshold value Vg or the 
predetermined value N, the region where the pri- 
mary reflection beam and secondary reflection 
beam are not always overlapped at only one point 
Therefore, the same light receiving position data 
Xai can be stored in a plurality of registers such as 
the registers RL(b) and RL(b + 1), or RS(b) and 
RS(b + l). 

As the generation of the secondary reflection 
beam will not be detected before the scanning 
angle of the swing mirror 12 reaches aA0, and after 
the scanning angle of the swing mirror 12 reaches 
cA9. the registers RL(0) to RL(a) and RS{0) to 
RS(a) stores elements for tracing a shifting locus 
LD1 of the primary reflection beam on the light 
receiving element 14, whereas the registers RL- 
(c) to RL(d) and RS(c) to RS(d) stores elements for 
tracing a shifting locus LU3 of the primary reflec - 
tion beam on the light receiving element 14. 

In this manner, after having finished all the 
detecting operations ranging all the scanning an - 
gles. the processor of the control unit goes to the 
step T15 in order to initiate a processing for de- 
tecting the most closest scanning angle where two 
light receiving positions of the primary reflection 
beam and secondary reflection beam come most 
closely to each other. 

After having proceeded to the step T15, the 
processor sets both the register Ac, which stores 



the address corresponding to the most closest 
scanning angle, and the address index j to the 
value of the register As.which stores the position 
where the secondary reflection beam appears. 

5 Furthermore, in accordance with a value of this 
address index j. the processor calculates a dif- 
ference between the light receiving positions of the 
primary reflection beam and the secondary reflec - 
tion beam at the position where the secondary 

70 reflection beam comes into existence. And, the 
obtained difference value is stored in a minimum 
value storage register W as its initial value, as 
shown in step T16. In this instance, a value of the 
index j is As that corresponds to a scanning angle 

15 (a+1)Ae in Fig. 11. 

Next, the processor of the control unit incre- 
ments the value of index j for correspondence to 
the following scanning angle (a + 2)A0 as shown in 
a step T17. Then, the processor goes to step T18 

20 to judge whether or not the value of address index j 
reaches the value of register A^ that stores the 
position where the secondary reflection light dis- 
appears. 

If the address index j has not reached the 

25 value yet, the processor calculates a difference 
between the light receiving position of the primary 
reflection beam and the light receiving position of 
the secondary reflection beam at this scanning 
angle. And then, it is judged whether or not thus 

30 obtained difference is smaller than or equal to the 
present value of minimum value storage register 
W, as shown in a step T19. 

In this case, if the obtained difference is 
smaller than or equal to the present value of mini - 

35 mum value storage register W, this difference value 
is stored in the minimum value storage register W 
to renew its stored value, as shown in a step T20. 
Also, the present value of index j is stored in the 
register Ac to renew its stored value, as shown in a 

40 step t21 . 

On the other hand, if the difference value ob- 
tained in the step T19 is larger than the present 
value of minimum value storage register W, the 
minimum value storage register W and the register 

45 Ac will be left intact. Then, the processor returns 
the step T17 again, and, in turn, increments the 
value of index j. And further, on the basis of a 
renewed value of index j, the processor repeatedly 
executes the processing of the step 18 and suc- 

50 ceeding steps. 

That is, as long as the value of address index j 
has not reached the value of register Ae. which 
stores the position where the secondary reflection 
beam disappears (step TIB), the processor in the 

55 control unit repeats the above - described pro- 
cessing. Further, the difference between the light 
receiving position of the primary reflection beam 
and the light receiving position of the secondary 
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reflection beam is successively calculated. And, 
every time when the calculated value becomes 
smaller than or equal to the minimum value already 
stored In the minimum value storage register W. 
the register A^. is renewed by a value of the ad- 
dress index at corresponding scanning angle. 

Accordingly, the register Ac stores, as an. ad- 
dress at the most closest scanning angle, an ad- 
dress corresponding to the scanning angle where 
the difference between the light receiving position 
of the primary reflection beam and the light re- 
ceiving position of the secondary reflection beam 
becomes minimum in the scanning angle region 
between (a + 1)A0 and (c-l)Ae wherein the pri- 
mary reflection beam and the secondary reflection 
beam are detected simultaneously. 

In the example of Fig. 11. the difference be- 
tween the light receiving position of the primary 
reflection beam and the light receiving position of 
the secondary reflection beam becomes a mini - 
mum value 0 when the scanning angle is bAd. 
Therefore, the register Ac stores the value of ad - 
dress b. However, in the case where the discrimi - 
nation of two reflection beams becomes impossible 
temporarily plural number of times, the minimum 
value continues to be 0 during this period of time. 
Therefore, an address immediately before the dis - 
crimination of two reflection beams is restored will 
be stored in the register Ac. By the way, if the 
judgement standard in the step T19 is set to |RLG) 
- RS(j)|< W, an address of the position where the 
discrimination of two reflection beams has become 
impossible for the first time will be stored in the 
register Ac. 

After having detected the address register Ac 
of the most closest scanning angle in this manner, 
the processor identifies the smaller light receiving 
position data RSG) as the light receiving position 
data of the primary reflection beam in the region 
from the 0 address that corresponds to the mini - 
mum scanning angle to the Ac ( = b) address that 
corresponds to the most closest scanning angle, 
while the larger light receiving position data RL(j) 
will be identified as the light receiving position data 
of the primary reflection beam in the region from 
the Ac { = b) address to the d address that cor- 
responds to the maximum scanning angle. (See 
step T22) 

Fig. 13 is a view illustrating an arrayed con- 
dition of the light receiving position data identified 
by the processor. The smaller light receiving posi - 
tion data RSG) corresponding to the address In- 
dexes j = 0-b become elements for tracing the 
shifting loci LDl and DL2 of the primary reflection 
beam, on the light receiving element 14 in Fig. 11. 
On the other hand, the larger light receiving posi - 
tion data RLQ) corresponding to the address in- 
dexes j = b-d become elements for tracing the 



shifting loci LU2 and LU3 of the primary reflection 
beam. 

The processor in the control unit executes the 
second and third equations with respect to re- 

5 spective light receiving position data of the primary 
reflection beam stored in respective registers to 
calculate each coordinate position (X^, Yj) of the 
object corresponding to each light receiving posi- 
tion. Then, the processor stores these coordinate 

TO position data as cross - sectional position data of 
the object, as shown in step T23. Furthermore, two 
straight lines are obtained by applying a linear 
interpolation to the coordinate position (Xj, Yj) of 
the object in each of regions j = 0-b and j = b-d. 

75 Then, an intersection of thus obtained two straight 
lines is calculated to obtain the bent portion of the 
object. 

The above - described second embodiment 
operates at higher accuracy than the first embodi - 
20 ment. since the adverse effect caused by distur- 
bance can be suppressed due to that only the light 
receiving position data of primary reflection beam 
is chosen from the plurality of light receiving data 
stored corresponding to the same scanning angle. 
25 and the bent portion is obtained after finishing the 
calculation of the coordinate position of object for 
every scanning angle. 

Moreover, though the foregoing description of 
the position detecting operation shown in Figs. 9 
30 and 10 is concerned with a case of processing 
where the swing mirror 12 is turned from its origi- 
nal position toward the maximum scanning angle, 
the position detecting operation can also be carried 
out similarly even in the case where the swing 
35 mirror 12 is reversely turned from the maximum 
scanning angle (i.e. the swingable limit) to the 
original position. However, the latter case differs 
from the former case in that the address maximum 
value d will be set as the address index j in the 
40 processing of step T1 ; the address index j will be 
decremented in the processing of step T6; the 
judgement standard in the step T7 will be changed 
to the minimum scanning angle: the value of index 
j will be stored in the register Ae in the step T9; 
45 and the value of index j will be stored in the 
register As in the step T14. 

Accordingly, regardless of whether the swing 
mirror 12 is turned from the original position toward 
the maximum position or from the maximum posi - 
50 tion toward the original position, values stored in 
respective registers at the start of the processing of 
step T15 are identical in both cases as long as the 
scanning operation is carried out with respect to 
the same object. 
55 In the case of the position detecting method 

according to the present invention, the object po - 
sition can be detected with higher resolution com - 
pared with the conventional detecting method using 
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a CCD as a light receiving element. Moreover, it 
becomes possible to eliminate detection error due 
to noise lights such as secondary reflection beams. 

Claims 

1. A position detecting method for a laser sensor 
that contains a CCD as a light receiving ele- 
ment for detecting an object position, wherein 
said position detecting method comprises 
steps of: 

obtaining a sum of products by succes - 
sively multiplying an output value of each cell 
arrayed in said CCD by position value of this 
cell so as to sum up thus multiplied values; 

obtaining the sum total of said output val - 
ues of respective cells; and 

obtaining a light receiving position by di - 
viding said sum of products by said sum total. 

2. A position detecting method for a laser sensor 
in accordance with claim 1 , further comprising 
a counting means, which will be reset when 
said output value of said CCD exceeds a pre - 
determined threshold value, will count a num - 
ber of cells to be scanned when said output 
value of said CCD decreases down below said 
threshold value until said number of cells 
reaches a predetermined value and will gen- 
erate an output value when the predetermined 
value is reached, wherein said sum of products 
is divided by said sum total in response to this 
output value from the counting means; said 
sum of products and said sum total are reset 
together; not less than one light receiving po- 
sition that exceeds said threshold value is de - 
tected during a predetermined interval; and a 
light receiving position of the primary reflection 
beam of a laser beam is obtained on the basis 
of said detected not less than one light re- 
ceiving position in order to detect the object 
position. 

3. A position detecting method for a laser sensor 
in accordance with claim 2, further comprising 
steps of: changing a scanning angle of said 
laser beam in order to successively detect not 
less than one light receiving position; storing a 
first light receiving position corresponding to a 
scanning angle immediately before a plurality 
of light receiving positions come to be de- 
tected at the same scanning angle and a sec - 
ond light receiving position corresponding to a 
scanning angle immediately after a plurality of 
light receiving positions come to be not de- 
tected at the same scanning angle; and ob- 
taining a first straight line passing two object 
positions respectively corresponding to said 



first light receiving position and another light 
receiving position at a scanning angle before 
said first light receiving position is scanned, 
and a second straight line passing two object 
5 positions respectively corresponding to said 

second light receiving position and another 
light receiving position at a scanning angle 
after said second light receiving position is 
scanned In order to identify the object position. 

10 

4. A position detecting method for a laser sensor 
in accordance with claim 3. wherein an inter- 
section point of said two straight lines is ob- 
tained to detect a position of a bent portion of 

75 the object. 

5. A position detecting method for a laser sensor 
in accordance with claim 2, further comprising 
steps of: successively storing not less than one 

20 light receiving position detected by changing a 

scanning angle of said laser beam; obtaining 
the most closest scanning angle at which a 
plurality of light receiving positions detected at 
the same scanning angle approach each other 

25 most closely; selecting a smaller valued one 

from among said plurality of light receiving 
positions when the scanning angle is less than 
said most closest scanning angle and. to the 
contrary, selecting a larger valued one from 

30 among said plurality of light receiving positions 

when the scanning angle is larger than said 
most closest scanning angle so that these se- 
lected light receiving positions can be obtained 
as said light receiving position of the primary 

35 reflection beam. 

6. A position detecting method for a laser sensor 
in accordance with claim 5, further comprising 
steps of: obtaining the object position from 

40 said light receiving position of the primary re - 

flection beam; obtaining a first straight line on 
the basis of said object position obtained from 
said light receiving position of the primary re- 
flection beam in a scanning angle region from 

45 the minimum scanning angle to said most 

closest scanning angle; obtaining a second 
straight line on the basis of said object position 
obtained from said light receiving position of 
the primary reflection beam in a scanning an - 

50 gle region from said most closest scanning 

angle to the maximum scanning angle; and 
identifying an intersection point of these first 
and second straight lines as a position of a 
bent portion of the object. 

55 

7. A position detecting method for a laser sensor 
in accordance with claim 4 or 6. wherein said 
intersection point of the bent portion is a 
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welding or sealing position. 

A position detecting apparatus for a laser 
sensor comprising: 

a light receiving cell consisting of a CCD 5 
that contains a plurality of cells, each gen- 
erating an output in accordance with an elec- 
tric charge stored in proportion to a light 
quantity received on a cell surface; 

a timing signal generating means for gen - ro 
erating a sample hold signal to successively 
scan respective cells from the begiTiining after 
a gate signal is outputted; 

a cell counter capable of being reset by 
said gate signal and counting said sample hold 75 
signals to output a value Xi of cell position in 
the light receiving element; 

an adder means capable of being reset by 
said gate signal and successively adding said 
output Ci of each cell in the light receiving 20 
element to be scanned in response to said 
sample hold signal to obtain an addition value 
EQ: 

a sum of products calculating means ca- 
pable of being reset by said gate signal and 25 
for multiplying said output Ci of each cell in the 
light receiving element to be scanned in re- 
sponse to said sample hold signal by said 
value Xi of each cell position outputted from 
said cell counter and successively summing 30 
up these multiplied values to obtain a 
summed -up value ECi-Xj; and 

a division means for dividing said 
summed -up value ECj^Xi obtained by the 
sum of products calculating means by said 35 
addition value ZC, obtained by the adder 
means to calculate a center of gravity position 
ECi'Xj/ HCi of receiving beams and outputting 
this center of gravity position as the light re- 
ceiving position. 40 

A position detecting apparatus for a laser 
sensor in accordance with claim 8, further 
comprising: 

a comparator that compares the output Ci 45 
of each cell with a predetermined threshold 
value Vs and generates an output when the 
output Ci of each cell is equal to or greater 
than the predetermined threshold value Vs; 

a counter capable of being reset in re- 50 
sponse to the output signal fed from said 
comparator, and functioning to count the cell 
number to be scanned after said output signal 
disappears and generating an output signal 
when the cell number exceeds a predeter - 55 
mined value so that said adder means, sum of 
products calculating means and drvision means 
are all reset in response to this output signal; 



a plurality of latch buffers capable of being 
connected in series, respectively functioning to 
transfer stored data to their succeeding buffers 
in response to the output signal fed from said 
counter, storing the output fed from said di - 
vision means in a first step buffer thereof, and 
being reset by said gate signal; and 

a position detecting means for obtaining 
the light receiving position of the primary re - 
flection beam on the basis of data stored in 
said plurality of latch buffers. 

10, A position detecting apparatus for a laser 
sensor in accordance with claim 9 further 
comprising a means for changing a scanning 
angle of a laser beam in synchronization with 
said gate signal, wherein said means for ob - 
taining the light receiving position of the pri - 
mary reflection beam includes a means for 
obtaining a first light receiving position at 
which only one memorizing data is supplied 
from said plurality of latch buffers in the be - 
ginning of the scanning operation of the laser 
beam, a second light receiving position cor- 
responding to a scanning angle immediately 
before a plurality of memorizing data come to 
be obtained, a third light receiving position 
corresponding to a scanning angle immedi- 
ately after a plurality of memorizing data come 
to be no longer obtained, and a fourth light 
receiving position at which only one stored 
data is supplied from said plurality of latch 
buffers in the end of the scanning operation, 
and storage means for storing respective light 
receiving positions. 

11. A position detecting apparatus for a laser 
sensor in accordance with claim 10, further 
comprising a means for obtaining a first 
straight line passing two object positions re- 
spectively corresponding to said first and 
second light receiving positions and a second 
straight line passing two object positions re- 
spectively corresponding to said third and 
fourth light receiving positions, whereby said 
first and second straight lines are identified as 
the object position. 

12. A position detecting apparatus for a laser 
sensor in accordance with claim 11. further 
comprising a means for detecting an inter- 
section point of said first and second straight 
lines as a bent point of the object. 

13. A position detecting apparatus for a laser 
sensor in accordance with claim 9, further 
comprising a means for changing a scanning 
angle of a laser beam in synchronization with 
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said gate signal, wherein said means for ob- 
taining the light receiving position of the pri- 
mary reflection beam includes a storage 
means for storing a plurality of light receiving 
positions supplied from said plurality of latch 5 
buffers and a detecting means for detecting 
the most closest scanning angle at which said 
plurality of light receiving positions approach 
most closely one another, thereby detecting 
light receiving position of the smallest value io 
from said storage means as a first light re- 
ceiving position of primary reflection beam in a 
region from the minimum scanning angle to 
said most closest scanning angle, and also 
detecting light receiving position of the largest 75 
value from said storage means as a second 
light receiving position of primary reflection 
beam in a region from said most closest 
scanning angle to the maximum scanning an - 
gle. 20 

14. A position detecting apparatus for a laser 
sensor in accordance with claim 13. further 
comprising: a means for obtaining the object 
position from said first and second light re- 25 
ceiving positions of primary reflection beam; a 
means for obtaining one straight line repre- 
senting a first object position on the basis of 

said first light receiving position of primary 
reflection beam and the other straight line re - 30 
presenting a second object position on the 
basis of said second light receiving position of 
primary reflection beam; and a means for ob- 
taining an intersection of said two straight lines 
representing said first and second object po - 35 
sitions as a position of a bent portion of the 
object. 

15. A position detecting apparatus for a laser 
sensor in accordance with claim 11 or 14. 40 
wherein said bent portion is a welding or 
sealing position. 
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